Abstract Flash flood in the cities led to high levels of water in the streets and roads, causing many problems such as bridge collapse, building damage and traffic problems. It is impossible to avoid risks of floods or prevent their occurrence, however it is plausible to work on the reduction of their effects and to reduce the losses which they may cause. Flash flood mapping to identify sites in high risk flood zones is one of the powerful tools for this purpose. Mapping flash flood will be beneficial to urban and infrastructure planners, risk managers and disaster response or emergency services during extreme and intense rainfall events. The objective of this paper is to generate flash flood map for Najran city, Saudi Arabia, using satellite images and GIS tools. To do so, we use SPOT and SRTM DEMs data for which accuracy assessment is achieved by using check points, obtained by GPS observations. Analytical Hierarchical Process (AHP) is used to determine relative impact weight of flood causative factors to get a composite flood hazard index (FHI). The causative factors in this study are runoff, soil type, surface slope, surface roughness, drainage density, distance to main channel and land use. All used data are finally integrated in an ArcMap to prepare a final flood hazard map for study area. The areas in high risk flood zones are obtained by overlaying the flood hazard index map with the zone boundaries layer. The affected population number and land area are determined and compared. 
Introduction
Flash flood is generally defined as a rapid onset of flood with a short duration and a relatively high peak discharge. It occurs rapidly, generally within one hour of rainfall, and sometimes accompanied by landslides, mud flows, bridge collapse, damage to buildings, and fatalities (Hapuarachchi et al., 2011) . To find some solutions to reduce the aforementioned effects, the Kingdom of Saudi Arabia (KSA), ministry of housing has offered many infrastructural and residential projects in cities in the risk of flash flood. Among these cities is Najran city, a city located in the south western of Saudi Arabia, near the border of Yemen. Najran extends an area of 119,000 square kilometers with a population rising from 47,500 in 1974 to 316,186 in 2013 . It is of high importance for the city urban planning to map and manage the natural risk causing by flash floods for the future planning. With the advent and development of computers disaster authorities can now predict where floods will occur and how severe they're likely to be with an amazing accuracy. So far, many studies have been done to map flash flood in different countries, such as the United States (Mastin, 2009) , China (Liang et al., 2011) , Egypt (El Bastawesy et al., 2009; Ghoneim et al., 2002) , Saudi Arabia (Saud, 2010; Dawod et al., 2011) , India (Bhatt et al., 2010) and Ghana (Forkuo, 2011) . Digital elevation model (DEM) is the most important input of the hydrological modeling to get Flood hazard maps. The precision of watershed calculation is directly dependent on the scale and precision of topographic maps. The difference in the scale of used maps does not only cause simplification growth of stream orders, but also cause many changes in the ration of lower order streams (El-Behiry et al., 2005) . In this study, two different resolution DEMs are used one from SPOT 5 satellite and the other from Shuttle Radar Topography Mission (SRTM). Nowadays commercial remote sensing satellite sensors such as SPOT 5 panchromatic (PAN) images can be used to produce DEM for any areas on the Earth. Various applications of PAN imagery can be found in the studies of panchromatic and multispectral image fusion (Zhang, 2004) and (Simone et al., 2002) , topographic mapping and digital elevation modeling (Shaker et al., 2003) , feature detection and extraction (Segl and Kaufmann, 2001; Luo et al., 2007; Corbane et al., 2008) , and stereo data extraction (Shaker et al., 2010) . In 2003, NASA released the SRTM free data set for some regions, with 3 arc-second resolution (approximately 90 m at the equator) for the globe, and 1 arc-second (approximately 30 m at the equator) for the United States. The main purpose of the present study is to locate sites that are vulnerable to flash flood in Najran city, using a Geographical Information System (GIS) and the available data. Recently, GIS and other modern spatial techniques offer capabilities to extract drainage networks and basins that have potential to influence accumulation of run-off. Drainage flow can be integrated into the GIS program to identify areas most likely to be in the risk of flash flooding (Youssef and Pradhan, 2011) .
There are many sources of errors in DEMs. Errors cover random and human error in data acquisition including errors caused by measurement equipment. They could also be due to cloud and forest cover, Earth's curvature, instable remote sensing equipment, atmospheric refraction, image processing, global positioning system (GPS) and inertial navigation system (INS) Oksanen, 2006 . The mentioned errors affect the accuracy of DEM directly and hydrological modeling indirectly. Accurate DEM help to get accurate hydrological analyses and estimation of hydrographs. Assessment of how satellite derived DEM vertical inaccuracy affects watershed hydrological modeling and analysis was conducted by El Bastawesy (2007), Abou El-Magd et al. (2010) , Endreny et al. (2000) and Jayaprasad et al. (2000) .
In this study two DEMs, one obtained from SRTM and the other from SPOT 5 data sets, were used to analyze and calculate flow directions. SRTM DEM with 90 m resolution was downloaded from the web site (SRTM source). The primary data sets used in this study were obtained from Najran Municipality, including SPOT 5 DEM with 10 m resolution, population data of 2013 and a digital remote sensing image and zone boundaries shape file map.
Study area and data set

Study site
Najran city, located in the southwestern of Saudi Arabia (Fig. 1) , extends between latitude of 15°-17°N and longitude 40°-45°. E. An area approximately 55 km by 28 km, characterized by moderate to high relief with elevations from 1080 m to 2252 m above mean see level (see Fig. 2 ). The study area is surrounded by high mountains from north, south and west. It includes various land use activities including residential, urban, and agricultural as well as road networks. Due to high elevation difference, the risk of damage caused by a flash flood is very high in this area.
Data set
Used SPOT DEM was produced by Najran Municipality with spatial resolution of 10 m. A SPOT DEM is a digital elevation model produced by automatic correlation of stereo pairs (known as Stereoscopy) acquired by the HRS instrument on SPOT 5. Stereoscopy is traditionally used to measure variation of parallax between two images of the same scene taken from different view (Anderson and Mikhail, 2001) . From parallax measurement in two processing steps the DEM could be obtained. To produce DEM, the first step is to compute the parallax map and the second step is to project this map to proper coordinate system. After processing, the image is resampled to 10 m by 10 m and stored in Panchromatic (PAN) image as shown in Fig. 2a . SRTM DEM for the study area was downloaded from web site in geotiff image format, in decimal degrees and datum WGS84. The data were then projected to UTM coordinate system zone 38 N, using ArcMap (see Fig. 2b ).
SRTM data cover the whole world but there are lack of data sets in some regions due to various reasons such as a lack of contrast in the radar image, presence of water, or excessive atmospheric interference. The areas, where data are missing, usually appear as holes in the maps with non-random distribution ranging from 1 pixel to regions of 500 km 2 . These holes impede the potential use of SRTM data, and have been the subject of a number of innovative algorithms for filling-in the holes through various spatial analysis techniques such as interpolation methods (Reuter et al., 2007 and Jarvis et al., 2008) . Information about drainage networks could be available from topographic maps, but developments in satellite image techniques provide elevation models that derive drainage networks with higher accuracy (Forte and Strobl, 2006) .
It is important to examine carefully the quality of the used DEM to extract drainage network. In this work, the quality of SPOT 5 and SRTM DEMs was examined with Ground Control Points (GCPs) their elevations obtained from Global Positioning System (GPS) technique. In this study, satellite images were used after doing geometric correction to classify the study area to determine zones and constructions like buildings, roads, which may be affected during flash flood. The study area contains 75 districts as shown in Fig. 3 .
Methodology
If the rainfall intensity exceeds the evaporation rate and infiltration capacity of the soil, surface runoff occurs as a flash flood. It also occurs when rainfall falls on impervious surfaces, such as roadways and other paved areas. There are many factors affecting flood hazard identification and modeling, varying from one study area to another. For instance urban flood modeling is extremely complex due to interactions with various man-made structures such as buildings, roads, culverts, channels, tunnels, and underground structures (Hapuarachchi et al., 2011) . A composite flood hazard index based on seven causal factors is used during this work. These factors, which are listed here, have been elected based on different case studies with similar characteristics (Eimers et al., 2000; Yalcin and Akyurek, 2004; Pramojanee et al., 2001; El Morjani, 2011; Pedzisai, 2010 and Ho et al., 2010 ).
Run off:
The likelihood of a flood increases as the amount of rain at a location increases (Nyarko, 2002) . Higher precipitation intensity can result in more runoff because the ground cannot absorb the water quickly enough. In this study, the annual monthly maximum precipitation has been used with a return period of 14 years (see Fig. 4 ) to model runoff. Runoff production processes may be more important than rainfall characteristics (National Oceanic and Atmospheric Administration, 2010). 2. Soil Influences: Soil type and texture are very important factors in determining the water holding and infiltration characteristics of an area and consequently affect flood susceptibility (Nyarko, 2002) . Some soil types can cause very rapid runoff even in dry conditions (National Oceanic and Atmospheric Administration, 2010). As a general rule, runoff from intense rainfall is likely to be more rapid and greater with clay soils than with sand. Figure 1 Geographic map of the study area (Dawod et al., 2011) .
(a) SPOT 5 raw DEM (b) SRTM raw DEM Figure 2 Raw digital elevation models of the study area; lighter areas indicate higher elevation regions. The coordinate system is UTM zone 38 north. DEM covers an area of 55 km by 28 km, with elevation ranging from 2252 to 1079 m above mean sea level.
3. Surface slope: Land surface slope is one of the effective elements in floods. The danger from flash flood increases as the surface slope increases. It is a reliable indicator for flood susceptibility (Islam and Sado, 2000 and Bapalu and Sinha, 2005 ). When river slope increases then the flow velocity in the river also will increase (Masoudian, 2009 ). 4. Surface roughness: Surface roughness in terms of hydrodynamic friction is an essential input for flash flood simulation (National Oceanic and Atmospheric Administration, 2010) . From Manning's n (Chow, 1959) which are empirical values. Reducing channel roughness results in faster stream flow velocities and less infiltration. 5. Drainage density: Drainage density is the length of all channels within the basin divided by the area of the basin. If the drainage network is dense at any area, it will be a good indicator to high flow accumulation path and more likely to get flooded (Islam and Sado, 2000) . 6. Distance to main channel: Areas located close to the main channel and flow accumulation path are more likely to get flooded (Islam and Sado, 2000) .
Land cover:
This describes the appearance of the landscape and is generally classified by the amount and type of vegetation, which is a reflection of its use, environment, cultivation and seasonal phenology. Land cover is other essential influences on runoff (Alexakis et al., 2014) .
Channel depth and river bed characteristic is an important factor in hydrodynamic modeling. For example, when the discharge of a river increases, the channel may become completely full. Any discharge above this level will result in the river overflowing its banks and causing a flood. But vertical resolution for used DEMs is not enough to get an accurate cross section information for delineated streams or drainage rivers. The sequences of operations are schematically shown in Fig. 5 and can be summarized as following:
1. georeferencing the satellite imagery and registering of the result to the UTM coordinate system zone 38 N. 6. doing unsupervised classification for the study area and converting population information to raster file. 2. calculating elevations accuracy for SPOT 5 and SRTM DEMs using distributed control points. 3. calculating surface slope from SPOT DEM. Slope means the maximum rate of change from every cell to its neighbors. 4. calculating drainage density from draining network and basin information.
5. extracting main channel from draining network (which has maximum stream order) followed by calculating perpendicular distance from zone centroid to main channel. 6. preparing model file by Arc Hydro and HEC-GeoHMS tools and computing hydrologic parameters by HEC-HMS software. 7. integrating all data in a GIS environment using the Analytical Hierarchical Process (AHP) method to calculate flood hazard map. Fig. 6 shows some of data layers used in the analysis. Each is depicted in a stretch color scale, where black represents the highest values and white the lowest values. ArcMap 10.1 was used to execute the above steps for both SRTM and SPOT images to extract drainage flow net in the study area. The flow networks and basin boundaries were then vectored. The basin characteristics and the morphometric parameters were calculated from spot DEM.
AHP is a multi-criteria decision-making approach and was introduced by Masoudian (2009) and Mastin (2009) . The AHP is a decision support tool. It is used to solve complex decision problems, uses a multi-level hierarchical structure of objectives, criteria, sub criteria, and alternatives. Three levels are used in our problem, Goal, factors criteria and spatial attributes. To explain The AHP, consider n elements to be compared, C 1 . . . C n and denote the relative weight of C i with respect to C j by a ij and form a square matrix (A ¼ a ij ) of order n with the constraints that a ij ¼ 1=a ij Þ, for i-j and a ij ¼ 1, all i.
Such a matrix is said to be a reciprocal matrix. The weights are consistent if they are transitive, that is a ik ¼ a ij a ik for all i; j and k. Such a matrix might exist if the a ij are calculated from exactly measured data. Then find a vector x of order n such that Ax ¼ kx. For such a matrix, x is said to be an eigenvector (of order n) and k is an eigenvalue. For a consistent matrix k ¼ n. A Consistency Index (CI) can be calculated from ðk max À nÞ=ðn À 1Þ. Large samples of random matrices have been calculated by Masoudian (2009) . A true Consistency ratio (Cr) is calculated by dividing the CI for the set of judgments by the Index for the corresponding random matrix. If Cr ratio exceeds 0.1 the set of judgments may be too inconsistent to be reliable. A CR of 0 means that the judgments are perfectly consistent.
Results and discussion
SPOT and SRTM DEM elevation accuracy assessment
Accuracy of results depends on accuracy of used digital elevation model. Vertical accuracy for two data sources of DEMs is Figure 6 Some of data layers used in proposed analysis. The data are converted to raster image by using ArcMap. Darker areas indicate higher values.
Figure 7
Ortho rectified satellite images from Worldview-2 sensor with 50 cm spatial resolution for the study area. 51 global positioning system surveyed check points are used for elevation accuracy assessment for both DEMs SPOT and SRTM . checked and compared with 51 ground control points (GCP) distributed into the study area (Fig. 7) .
By using elevations of some available bench marks (BM) inside the study area, the geoid undulation N (relation between geoid and orthometric height) is calculated. The orthometric heights of GCP points are transformed. Vertical accuracy was determined by comparing the computed Z-coordinate values at check points with those obtained from post processing of GPS surveys. Statistics of the results of each DEMs are summarized in Table 1 . Fig. 8 shows frequency distribution of elevation differences between 51 check points surveyed by GPS and two used DEMs. The root mean square error of elevation differences (RMSE z) for SPOT one was ±5.64 m while SRTM was found ±7.59 m.
Digital river network extraction
Digital river network from SPOT and SRTM data is extracted by using ArcMap and presented in Figs. 9 and 10. Drainage density is notably higher in SPOT data compared to the one obtained from SRTM data. Maximum river order obtained from SPOT and SRTM data sets are 7 and 6 respectively. Drainage intensity for any area is calculated by dividing summation of drainage length by the zone area as shown in Fig. 11 . From this figure, the drainage network covers zones of 38, 75, 8, 14 intensely, where corresponding drainage intensity values for these zones are 34.6, 28.23, 26.56, 23 .99 ðkm=km 2 Þ respectively. Zone 64 has minimum intensity drainage value 0.6 ðkm=km 2 Þ. This indicates that zone 38 is the most likely zone that would be at the risk of flash flood.
Basin extraction
By using ArcMap, the BASIN function has been used to extract drainage basins. BASIN function analyzes the flow direction grid to find all sets of connected cells that belong to the same drainage basin. It is clear from Fig. 12 that 5 basins are covering the study area. Basin number four covers almost the whole residential area for the study area as shown in Fig. 12 . Table 2 shows draining intensity for extracted basins. According to results, the study area has 5 different basins. Basin number 2 has maximum drainage intensity. Basin numbers 1 and 5 are leer from any construction like buildings or roads, numbers 2 and 3 have few of them. Residential zones for the study area lie in basin 4 as shown in Fig. 12. 
Land use
Land use is the human modification of the natural environment by constructing roads or buildings, it has an effect on interception and run off velocity. Classification of satellite image means assigning corresponding levels with respect to groups with homogeneous characteristics, with the aim of discriminating multiple objects from each other within the image. The famous type of classification technique is the unsupervised classification which doesn't need prior knowledge of the area and the supervised classification which needs prior knowledge of the area (Lillesand and Kiefer, 2000) . The Worldview-2 satellite images with 50 cm spatial resolution were used for classification processing. By using ArcMap 10.1, the Iso Cluster Unsupervised classification method is used for classification. At the beginning, twenty-five classes are chosen, finally by using Reclassify function under ArcMap toolbox, four classes were obtained: roads, building, green area and bare soil. The land cover classification map is shown in Fig. 13 . Evaluation of the classification's accuracy is calculated by comparing some specific pixels of the classified image and their corresponding reference pixels, which belong to a known class, succeeds the evaluation of the classification. The results of this comparison are the error matrix, the accuracy totals and the kappa statistics (see Table 3 ).
Simulation of runoff using HEC-GeoHMS and HEC-HMS
The Soil Conservation Service curve number (SCS-CN) loss method is used to estimate runoff for the study area. The response of sub basin to runoff is the lag time, time from centroid of rainfall to peak runoff. This time determined by the basin shape and size, land cover soil type and topography. Only one rainfall gauge available for the whole study area is (a) SPOT 5 DEM. RMSE z = ±5.64m (b) SRTM DEM. RMSE z = ±7.58m. Figure 8 Histogram of elevation differences between 51 check points surveyed by GPS and two used DEM s.
used. In this study HEC-GeoHMS (US Army Corps of Engineers, 2013b) and HEC-HMS (US Army Corps of Engineers, 2013a) software are used to calculate sub basin parameters and hydrological modeling.
Computing sub basin parameters by using HEC-GeoHMS
By using Arc Hydro tools for ArcGIS 10.1 (ESRI, 2011), the following raster layers should be calculated for used DEM; Figure 9 Najran zones and obtained drainage network from SPOT data. Curve number (CN) parameter is a part of calculating runoff volumes. For each sub basin, a CN value was calculated based on land use, land cover, imperviousness and hydrological soil type. Table 4 lists CNs based on combinations of Soil Conservation Service (SCS) land-use data and soil data for small urban watersheds (National engineering handbook, 1972).
To estimate the average CN values, equation 1 is used:
where:
Cn aw = the area weighted curve number for the drainage basin, Cn i = the curve number for each land use-soil group polygon, A i = the area for each land use-soil group polygon n = the number of land use-soil polygon in the drainage basin.
After computing Cn grid and other hydrologic parameters HMS setting is executed. HMS setting assigns the loss method, transform method and routing method will be used in HMS and generate the HMS schematic, such as river reach, junction and sub basin.
Run-off model description
Lag time is defined as the length of time between the centroid of precipitation mass and the peak flow. In HEC-HMS, the parameter of lag time is necessary. The lag time was computed using the SCS lag equation. The lag time could be calculated from equation 2: Figure 13 Unsupervised classification for the study area.
Flash Flood Hazard Mapping Using Satellite Images and GIS Toolswhere:
T lag = lag time in hours L = watershed length (ft) S = (1000/C n ) À 10 Slope = watershed slope in percentage. Time of concentration Tc is the longest travel time taken by a particle of water to reach a discharge point in a watershed (Wanielista et al., 1997) . According to the formula proposed by SCS T lag ¼ T c Â 0:6.
Meteorological model
The meteorological model in HEC-HMS is done by specifying a daily time series of rainfall for the month June 2008 (see Fig. 15 ). Rainfall data are downloaded and collected from web site http://www.theweathernetwork.com. Muskingum routing method is used. Fig. 16 shows the summary of peak discharge and discharge volume for SCS transform method. Table 5 , catchment 530 has the higher CN value, since it mainly has least permeability. Depending on the fact that, the lower the concentration time, the more the hazards in the runoff (Dawod et al., 2011) , catchment 530 may be considered as the most hazardous catchment.
Simulation results
Model calibration and validation can be done by comparing model output with observed data. For the study area there are no available observed stream flows. The stream flows can be entered for a stream gauge, and linked to the watershed outlet. This helps in comparing the model output with observation, and also can be used for model calibration. The study area is suffering from absent of stream gauge data, therefore the obtained results are compared by using two different DEMs for the study area.
Estimation of the weighted scores
The objective of this research is to map flood hazard zones in Najran city. The decision factors to relate attributes to suitability concerning a particular goal are the factors controlling flood hazard in the study area. The primary decision factors are considered in this study as listed in section 3 (see Fig. 5 ). Once the decision factors are identified and selected, sub-factors are identified to better describe these criteria. For example, the surface slope is sub-divided into 7 sub-factors (Eimers et al., 2000) (Pramojanee et al., 2001 ) and (Yalcin and Akyurek, 2004) . We used AHP, which is a multi-criteria decision-making approach introduced by Saaty (1977) and Saaty (1994) . The AHP is a decision support tool, which is used to solve complex decision problems. It uses a multilevel hierarchical structure of objectives, criteria, sub criteria, and alternatives. Three levels are used in our problem: goal, factors criteria and spatial attributes. Each land use has a different surface roughness value. These values (ranged from 0.03 to 0.1) were specified for different land use (see Table 6 ).
The surface roughness map is derived from a land use map and should have the same resolution as the used DEM. In the US and Europe, a threshold in lag time of approximately 6 h is often employed to distinguish a flash flood from a slow-rising flood (Georgakakos, 1986) . All causative factors are divided Flash Flood Hazard Mapping Using Satellite Images and GIS Toolsinto 7 sub factors to be considered in the calculation of the relative weight for each causative by using the AHP decision making approach (see Fig. 17 ). Pairwise comparisons are used to determine the relative importance of each alternative in terms of each criterion. Decision makers can quantify the importance of these criteria by comparing pairs of criteria on a scale of 1 to 9, from least to most important, respectively. Table 7 shows scale of relative importance to build pairwise comparison matrix (Saaty, 1977) .
The weight of each factor was given on the basis of its estimated significance into cause of flooding. The weight of each factor is described in Table 8 .
We also divided each factor into a number of classes and gave a weight to each class, according to its estimated significance for causing flooding. The maximum and minimum weights for each class of every factor are 7 and 1 respectively (see Fig. 17 ). Final weighted flood hazard index is created from an additive model which was adapted for this study (Bapalu and Sinha, 2005) . RIW are the normalized eigenvectors corresponding to the maximum eigenvalues of the pair-wise comparison matrices constructed at each level of the decision hierarchy.
where: FHI = flood hazard index. n 2 = the number of level 2 decision factor. RIW 2 i = relative importance weight of level 2 decision factor i. RIW 2 j = relative importance weight of level 3 sub-factor j of level 2 decision factor j.
The results of pairwise comparison matrix for this work are presented in Table 9 . In this table, the last column contains RIW for each criteria.
With the input values in pairwise comparison and weights calculated, consistency ratio (CR) was found to be 0.024. This indicates a reasonable level of consistency in the pairwise comparison of all factors. The FHI was used to consider the rate of probability of flooding which was calculated based on Eq. (4):
Finally FHI is computed using weighted overlay analysis and raster calculator in ArcMap 10.1 software. The obtained values of FHI were classified into low, moderate, high and very high. According to these layers and calculation the Flash Flood Hazard Map area defined is shown in Fig. 18 . The natural breaks method is used for interval classification. Hazard values have been divided into three classes. The classification scheme is summarized in Table 10 . To define zones and population number likely to be affected by flash flood, zonal statistics function is used, the classification scheme is summarized in Table 10 .
The areas at risk were obtained by overlaying the flood hazard index map with the zone boundaries layer. Determination of the areas at risk was needed for flood warning and floodplain development control. About 25% population residing in 17 zones is vulnerable to low, 50% population belonging to 23 zones vulnerable to moderate, 9% population belonging to 17 zones vulnerable to high and about 16% population belonging to 11 zones is vulnerable to very high flood hazard risk in the study area. The high and moderate risk areas are mostly in the relatively larger basin watersheds with high curve number, surface slope and drainage density.
Effect of DEM type on flood hazard index map
DEM is the most important input of hydrological modeling. In this paper two DEMs are used to calculate some causative factors. SRTM DEM is used also to get a new flash flood hazard map for the same study area. Some of spatial maps for causative factor (which are dependent on used DEM like runoff, drainage density and surface slope) should be recalculated. Other causative factors (soil type, surface roughness, distance to main channel and land use) will remain the same for used two models, only their resolution should be adjusted to 90 m Figure 17 Decision hierarchies for flood hazard index factor. Table 9 Pairwise comparison matrix and relative importance weights (RIWs) for factor criteria. instead of 10 m. A threshold value of 15 square km 2 is used in stream definition step for both used DEMs. Table 11 shows a comparison between drainage density and river lengths for both used DEMs. Maximum obtained drainage density from SPOT is almost two times than that of one SRTM.
To calculate runoff information based on SRTM DEM, HEC-GeoHMS is used to generate physical characteristics of sub basin and rivers. After that, the most downstream cell of the DEM is chosen as a project point (outlet for the watershed) to generate new project. The same storm and period Figure 18 Flood hazard map with 10 m resolution (SPOT DEM) for the study area (each pixel has a FHI value). Figure 19 Automatic sub basin delineation for outlet point driven by HEC-GeoHMS by using both DEM.
information which is used before for SPOT runoff calculation is used to simulate runoff. Fig. 19 shows obtained sub basins for outlet point driven by HEC-GeoHMS from SPOT and SRTM. Some differences between sub basin boundaries from two models is noticed. A new FHI is computed using weighted causative factors by using equation 4 and raster calculation in ArcMap 10.1 software. Fig. 20 shows obtained map.
To define zones and population number likely to be affected by flash flood, zonal statistics function is used. Table 13 summarizes the results. 22% population residing in 13 zones is vulnerable to low, 7% population belonging to 20 zones vulnerable to moderate, 69% population belonging to 30 zones vulnerable to high and about 2% population belonging to 5 zones is vulnerable to very high. To compare obtained results from two used DEMs, the affected area are calculated in Table 14 .
The study site covers a total of 446 km 2 . SPOT gives 9% of land has very high risk flooding, while SRTM gives only 3%, while obtained area with high flood risk from SRTM is doubled that one from SPOT. Low and moderate flood hazard indexes are almost the same value from both DEMs. A comparison between flash flood causative factors extracted from two DEMs is shown in Table 15 . Districts 75, 31, 39, and 1 have the same value of FHI from both used DEMs. From these results we can conclude that, low resolution DEM (SRTM) gives low surface slope and higher time of concentration for extracted basins. This explains why high resolution model (SPOT) gives more area that has very high index value (9% of total area under very high risk by using SPOT model while 3% by using SRTM). 4 districts (75, 31, 39, and 1) have the same index value from two models.
Conclusions and recommendations
The research presented in this article formulates an efficient methodology to accurately delineate the flood hazard areas in Najran city, KSA. Flash flood is a natural hazard that poses a risk to both populations and structures within the affected areas. There are several factors that affect the amount of runoff which help determine the intensity of flooding. Therefore, physical characteristics such as impervious surfaces, the hydraulic rating of soil, and flow accumulation of water were combined with demographic characteristics to create a composite flood hazard index. In this paper some applications of ArcMap are used to extract the drainage network based on DEM for the study area. Two DEMs (SPOT 5 and SRTM) data have been used. Accuracy assessment of used DEMs has been investigated by using check points, their elevations are collected by GPS observations. SPOT data are more accurate and dense flow network for the study area. The study area has 75 residential zones. Basin and drainage intensity of different zones is determined. The causative factors of flash flood are discussed. AHP is used to determine relative impact weight of flood causative factors to get a composite flood hazard index map. All used data are finally integrated to prepare a final 75, 66, 31, 40, 39, 44, 1, 15, 71, 64, 18 1, 38, 75, 39, 31 flood hazard map for the study area. By overlaying the flood hazard index map with the zone boundaries layer, the map is obtained. By using SPOT model, 25% population residing in 17 zones is prone to low flooding risk, 50% population belonging to 23 zones is prone to moderate, 9% population belonging to 17 zones is prone to high and about 16% population belonging 11 zones is prone to very high flood hazard risk. While by using SRTM model, 22% population residing in 13 zones is prone to low flooding risk, 7% population belonging to 20 zones is prone to moderate, 69% population belonging to 30 zones is prone to high and about 2% population belonging 5 zones is prone to very high flood hazard risk. Extracted flash flood causative factors (runoff, drainage density, surface slope) from low resolution DEM (SPOT) are near reality and give higher values from low one (SRTM). The sensitivity of results depends on the error in the input data as criterion weights and criterion attributes. The produced maps from the current study can be used as a guide for determining areas for further detail. Detailed flash flood hazard mapping production requires low resolution DEM which describes elevation changes densely and precisely. In the study area, the calibration of the simulation model results is difficult because of the absence of streamgauging records. Results from both used DEMs are compared. Some recommendations can be addressed as the following:
1. Data inadequacies, stream-gauging records are absent; only one gauge for the study area is available. This leads to, flood hazard assessments based on direct measurements may not be possible. 2. The input data used in flood hazard mapping (land use and DEM maps) should be updated regularly. Updating land use maps can be done by mapping all cover changes, such as construction of dams or other major water resources projects using recently satellite images. DEM can be updated by using highly accurate and spatial resolution measurement techniques such as LiDAR, terrestrial laser scanner, total station or GPS observations. 3. Inside the study area, there are some areas that have inadequate hydraulic structures. However, the delineated boundaries are not to be taken as rigidly defining the extent of flooding. This is only possible with detailed surveys. 4. Both used DEMs are insufficient for getting accurate channel cross sections to be used for hydraulic modeling. It needs higher resolution DEM.
